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Objectives: Studies show limited improvement in the frequency of engaging in life activities after joint
replacement. However, there is a paucity of research that has examined factors, including other life
events, which influence engagement following total hip replacement (THR). This research sought to
identify factors associated with engaging in life activities following THR.
Methods: A prospective cohort study was conducted with 376 people who had a THR for osteoarthritis
(OA). Data were collected pre-surgery and 1 year post-surgery. The primary outcome was change in
frequency in engagement in life activities (Late Life Disability Index (LLDI): higher scores indicate higher
frequency of engagement (range 0e80)). Analyses included multivariable regression. Factors considered
included: positive/negative life events, a new comorbidity, another joint replacement and complications
post-surgery.
Results: Participants' mean age was 64 years; 46% were male. 68% of participants had at least one co-
morbidity pre-surgery; 36% reported at least one new comorbidity after surgery. The mean change in
LLDI frequency was an increase of 6.29 (±8.10). 36% reported one or more positive impact life events in
the year following surgery; 63% reported one or more negative life events. The number of positive life
events (beta ¼ 1.24; 95% CI: 0.49, 1.99) was significantly associated with change in LLDI frequency after
adjusting for age, sex, education, body mass index (BMI), comorbidities pre-surgery, number of symp-
tomatic joints and pre-surgery pain and function, LLDI limitations and depression.
Conclusions: These findings highlight the significant influence of social factors and life circumstances on
engagement in life activities following THR.
© 2017 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.: C. MacKay, Department of
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Total hip replacement (THR) is a well-established cost-effective
procedure for end-stage hip osteoarthritis (OA)1. The number of
THRs performed in North America has increased steadily over the
past decade2 and researchers have projected that growth in de-
mand will continue3,4. The prevalence of THR in the US population
has reached 0.83%, corresponding to 2.5million people livingwith a
THR5. Several studies have shown that THR is effective intd. All rights reserved.
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related quality of life6e8. However, in spite of improvements in
pain and function, there appears to be limited improvement in the
frequency of engaging in life activities, such as social and leisure
activities, exercise and household and personal management roles
in the year following joint replacement surgery9. This lack of in-
crease in engagement of activities following joint replacement is
concerning. Studies have shown that engaging in life activities such
as socializing with friends and family, participating in leisure and
social activities, volunteering, and performing regular physical ac-
tivities has benefits for mental and physical health and well-being,
health related quality of life, life satisfaction and can reduce mor-
tality10e15. Moreover, patients expect to recover valued activities
following THR16 and with patients presenting for THR at younger
ages2e4, the expectations to return to life activities that are physi-
cally demanding will likely increase17,18.
To date, outcome assessment following THR has primarily
focused on pain and function and pre-surgical factors associated
with these outcomes19e21. Given the known benefits of engaging in
life activities, it is important to further understand people's
engagement in life activities before and after THR and what in-
fluences change in engagement in life activities following surgery.
In a longitudinal grounded theory study of people undergoing hip
and knee replacements, it was reported that there was a high
variability in return to activities following surgery, which could be
accounted for by several factors22. In particular, the findings
emphasized the role of sociocultural factors, including significant
life changes following surgery (e.g., death of a spouse or a
geographical move), in determining participants' engagement in
activity following joint replacement22. There is a paucity of quan-
titative research which has considered a comprehensive range of
factors, including significant non-health related events, which may
influence engagement in life activities following THR. This study,
guided by the findings from the previous qualitative research22,
sought to address this gap. Specifically, the study aimed to describe
people's engagement in life activities before and after THR and the
life events experienced in the year following surgery, and to iden-
tify factors associated with change in frequency in engagement in
life activities in the year following THR.
Methods
Study design and sample
A prospective cohort of people undergoing primary THR for OA
from four tertiary care centres in Toronto, Canada was established.
Participants were followed longitudinally for 1 year post-surgery.
Details of the cohort have been described previously9. The inclu-
sion criteria were: having a joint replacement for OA, fluency in
English and consent to participate. For the present study, the
sample was restricted to participants who had a THR and had pre-
surgery (within 1 month of surgery) and 1 year post-surgery data
for the primary outcome, the Late Life Disability Index (LLDI). The
study was approved by the research ethics boards of each partici-
pating hospital: University Health Network, St. Michael's Hospital,
Sunnybrook Health Sciences Centre and Mount Sinai Hospital in
Toronto, Canada. All participants provided informed written
consent.
Data collection
Participants received pre-surgery questionnaires at their pre-
admission clinic visit and returned the questionnaires by mail
prior to their surgery. Post-surgery questionnaires were completed
by mail.Primary outcome
The primary outcome was change in frequency in engaging in
life activities asmeasured by the frequency subscale of the disability
component of the Late-Life Function and Disability Instrument. The
LLDI measures disability across a wide variety of life tasks and roles
that extend beyond activities of daily living23. The LLDI has been
shown to be valid and reliable across a range of clinical populations
of community dwelling older adults24. Respondents indicated their
frequency of participating in 16 life tasks (e.g., take care of local
errands, take part in a regular exercise program, take care of your
own health, visit with family and friends, work at a volunteer job).
Each itemhas response options scaled from one (never) to five (very
often). The score ranges from 0 to 100, with higher scores indicating
a higher frequency of engagement in life tasks. Change scores were
calculated as the 1 year post-surgery score minus the pre-surgery
score, with positive scores representing improvement.
Predictor variables
Life events
Life events were measured using the modified Life Experiences
Survey at 3, 6 and 12 months. This is a valid and reliable measure of
positive and negative life experiences and a rating of the extent of
impact of these events25. The survey has 12 items and includes the
following events: marriage, marital separation, marital reconcilia-
tion, change of residence, change of work situation, retirement from
work, major personal illness/injury, serious illness/injury of a family
member, serious illness/injury of a close friend, death of a spouse/
close family member or friend, major change in financial status, and
major change in social activities. Respondents indicate if an event
occurred in the past 3 months (yes/no) and the extent to which it
impacted their life (7-point scale anchored by “extremely negative”
and “extremely positive” and centred at “no impact”). The number
of each of the positive and negative life events experienced over the
year following surgery was summed. Events were counted only
once (e.g., death of a spouse/close family member or friend was
counted once if there was at least one death). The impact scale was
used to determine whether the event was positive or negative.
Comorbidity
The American Academy of Orthopaedic Surgeons's Comorbidity
Scale was used to identify comorbidity (if participants had or were
treated for a specific condition). New comorbidities were identified
following surgery at 3, 6 and 12 months26. A comorbidity was
considered new if the respondent indicated “yes” to a comorbidity
in the checklist that they reported as “no” prior to surgery. This was
a dichotomous variable (new comorbidity yes/no).
Another hip or knee replacement
At 1 year, respondents indicated “yes” or “no” to a question
asking if they had surgery on another hip or knee, and if yes, had
the joint been replaced.
Complications within 3 months of surgery
At 3months following surgery, participants were askedwhether
they experienced complications following surgery. Respondents
answered yes/no to whether they had a hip dislocation, infection,
blood clot or other (with space for text to explain the type of
complication).
Covariates
Prior to surgery, datawere collected on age, sex, education (high
school or less or greater than high school), living alone (yes/no),
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symptomatic joints. The number of symptomatic joints was
determined by respondents indicating on a homunculus if they had
pain, stiffness or swelling on most days of the past month (the
number of symptomatic joints respondents indicated on the
homunculus was totalled). Depression was measured using the
Hospital Anxiety and Depression Scale (HADS) (score range from
0 to 21; higher scores indicate more depressive symptoms)27.
Limitations in 16 life tasks were measured using the limitations
subscale of the LLDI (scores 0e80, with higher scores indicating less
limitation). Pain and function was measured using the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
pain and function subscales (the subscale scores were 0e20 and
0e68 respectively; high scores indicate more pain and functional
limitations)28. The LLDI limitations subscale of the LLDI and
WOMACwere completed pre-surgery and 1 year following surgery.
Change scores were calculated as the 1 year score minus the
baseline score. The WOMAC scores were reversed so that positive
scores for all measures represented improvement.
Analysis
Descriptive statistics (with 95% confidence intervals) were
calculated on the overall sample for each variable. Descriptive
statistics were also generated for groups based on whether par-
ticipants reported decreased, no change (0 change score), or
increased frequency in engagement of activities. After testing for
multicollinearity among all independent variables, multivariable
regression was used to determine if the number of positive and
negative life events, complications (yes/no at least one new
complication), another joint replacement and new comorbidity
(yes/no at least one new comorbidity) were associated with change
in frequency of engagement in life activities (continuous variable).
We then adjusted the regression model for factors that may influ-
ence change in frequency of engagement in life events: age, sex,
education, pre-surgery BMI, number of symptomatic joints, pre-
surgery number of comorbidities, pre-surgery WOMAC pain and
function, pre-surgery LLDI limitations and pre-surgery depression
to evaluate if these factors confounded the effects in the first model.
Results
The sample included 376 individuals. The mean age of the
sample was 64 years, 46% were male and 77% had greater than high
school education. Forty-eight percent had three or more symp-
tomatic joints (excluding the index hip) and 68% had at least one
comorbidity. On average, participants were overweight (BMI was
28.4). Eighty two individuals from the original cohort were
excluded from the present study due to missing data. The charac-
teristics of individuals excluded from the current study were
similar to the study sample (Table I shows characteristics of the
sample and excluded individuals). There was minimal missing data
from participants who were included in the study (Table in
Appendix).
The mean LLDI frequency subscale score pre-surgery was 54.6
out of 100 (SD 9.38) (Table I). The mean LLDI frequency change
score by 1 year was 6.3 (SD 8.1), indicating improvement in fre-
quency of engaging in life activities. The mean LLDI limitations
score pre-surgery was 54.2 (SD 12.8); the mean change score by
1 year was 15.8 (SD 12.6). The mean WOMAC pain score pre-
surgery was 10.4 (SD 3.6) and the mean WOMAC function score
pre-surgery was 36.2 (SD 11.9). WOMAC pain scores changed a
mean of 8.2 points (SD 3.9) and the WOMAC function changed a
mean of 19.4 points (SD 12.2). Thirty six percent of individuals re-
ported at least one new comorbidity in the year following surgery.This included hypertension (5%), cardiovascular disease (5%), lung
disease (3%) and diabetes (1%). At 3 months, 9% of people reported
surgical complications and 33 people (9%) went on to have a new
joint replacement surgery over the course of the year. Table II dis-
plays the data on comorbidities, life events following surgery, a new
joint replacement, and complications from the index THR by
change in frequency of engaging in life activities (LLDI score
change) following THR.
Participants reported high numbers of life events. The total
number of positive events reported by participants in the year
following surgery was 210 events. The number of negative life
events totalled 499. Themost commonly reported life events which
participants indicated had a positive impact were: major change in
social activities such as attending parties, movies or visiting (53
events), changed work situation such as different work re-
sponsibilities, a major change in working conditions or hours (44
events) and a major change in financial status which could mean
being a lot better off or a lot worse off (27 events). The most
common life events which had a negative impact on life were death
of a spouse, close family member or friend (107 events), serious
illness/injury of a close family member (90 events), major change in
financial status (70 events) andmajor change in social activities (70
events). Table III shows the positive and negative life events based
on change in frequency of activities. For example, 16% of people
with increased LLDI frequency reported a major change in social
activities as a positive event following THR compared to 8% of
people with decreased LLDI frequency.
In unadjusted multivariable analysis, the number of positive life
events (unstandardized beta ¼ 1.27; 95% CI: 0.53 to 2.00) was
significantly associated with change in LLDI frequency (Table IV). At
least one comorbidity, complications within 3 months, negative life
events, or a new surgery within the year were not significantly
associated with change in LLDI frequency. After adjusting for
covariates, pre-surgery WOMAC pain and function, pre-surgery
LLDI Limitations, pre-surgery depression, age, sex, education, pre-
surgery BMI, number of comorbidities preoperatively and the
number of symptomatic joints, the findings were consistent
(Table IV). Pre-surgery LLDI Limitations was statistically significant
in the adjusted model.
Discussion
There are a multitude of health benefits associated with
engaging in life activities10e15 and people undergoing joint
replacement want to return to participation in higher demand ac-
tivities and engage in meaningful social roles, leisure activities and
community interactions following their surgery29,30. Our research
found that despite improvements in pain and function, frequency of
engagement in life activities improved to a lesser extent. This
research provides new insights on factors associatedwith change in
engagement in life activities following THR. Key to our findings was
that the number of positive life events experienced over the year
following surgery was significantly associated with the change in
frequency of engaging in life activities following THR. These find-
ings support our previous qualitative results which suggested that
issues beyond medical factors alone, such as socio-cultural factors,
determine participation in activity following joint replacement22.
However, in contrast to the qualitative findings which identified
issues of multi-morbidity, including painful joints, as an important
theme that augmented other social circumstances, health-related
factors (number of comorbidities, complications, new surgery)
were not statistically significant in the multivariable regression.
Our findings highlight the importance of social factors and life
circumstances in determining change in engagement in life activ-
ities following surgery. Positive life events were associated with a
Table I
Descriptive data and measures for study sample (pre- and 1 year post-surgery) and excluded individuals
Variables Study sample (n ¼ 376) Excluded individuals (n ¼ 82)
Pre-surgery Post-surgery
Mean (±SD) or n (percentage) Mean (±SD) or n (percentage) Mean (±SD) or n (percentage)
Age 63.99 (±12.08) 63.29 (±14.17)
Gender: Male 173 (46%) 35 (43%)
Education: Higher than high school 291 (77%) 54 (66%)
Number of symptomatic joints 3.15 (±3.20) 4.3 (±3.67)
Comorbidities
No comorbidities 121 (32%) 111 (29%) 24 (29%)
At least one comorbidity 255 (68%) 265 (70%) 58 (71%)
At least one new comorbidity 135 (36%)
Hypertension 157 (42%) 19 (5%) 38 (46%)
Cardiovascular 28 (7%) 19 (5%) 5 (6%)
Diabetes 31 (8%) 4 (1%) 7 (8%)
Lung disease 19 (5%) 12 (3%) 7 (8%)
Other* 170 (45%) 111 (29%) 39 (47%)
BMI 28.42 (±6.39) 28.02 (±6.21)
LLDI frequency 54.60 (±9.38) 50.66 (±12.21)
LLDI limitation 54.24 (±12.83) 51.59 (±16.65)
WOMAC pain 10.38 (±3.56) 10.59 (±3.89)
WOMAC function 36.24 (±11.91) 34.47 (±13.69)
Depression subscale 5.24 (±3.38) 6.42 (±4.08)
Life events (within a year)y
Positive impact events 134 (36%)
Negative impact events 237 (63%)
New joint replacement 33 (9%)
Complications (index surgery)z 34 (9%)
* Example: Cancer, liver disease, kidney disease, etc. [These participants could also have one or more of the specific diseases mentioned above].
y Number of participants who experienced either one or more positive or negative impacting event.
z Example: dislocation, infection, blood clot, etc.
Table II
Distributions of variables of interest based on the change in frequency of engaging in life activities
Variables post-surgery LLDI frequency
Decreased (n ¼ 72, 19%) No change (n ¼ 8, 2%) Increased (n ¼ 296, 79%)
n % n % n %
Comorbidities
No comorbidities 21 29% 4 50% 86 29%
At least one comorbidity 51 71% 4 50% 210 71%
At least one new comorbidity* 24 33% 111 38%
Hypertension* 4 6% 15 5%
Cardiovascular* 2 3% 17 6%
Diabetes* 4 1%
Lung disease* 12 4%
Other*,y 20 28% 91 31%
Life eventsz
Positive impact events [1] 25 35% 1 13% 108 36%
Negative impact events [1] 48 67% 4 50% 185 63%
New joint surgery 10 14% 1 13% 22 7%
Complications from surgery [at 3 months]x 9 13% 25 8%
* Newly developed over the year.
y Example: Cancer, liver disease, kidney disease, etc. [These participants could also have one or more of the specific diseases mentioned above].
z Number of participants who experienced either one or more positive or negative impacting event.
x Example: dislocation, infection, blood clot, etc.
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common positive event reported by participants was a change in
social activities. Other research has demonstrated significant ben-
efits of social interactions and relationships on health, such as
improved survival and mental health31,32. Much of the literature in
chronic conditions focuses on the effects of social support (e.g.,
support from friends, family), indicating that social support im-
proves health outcomes and may promote positive health behav-
iours (e.g., physical activity)33,34. Findings are also consistent with
findings from our qualitative study which suggested that sup-
portive spouses and friends were important to recovery from
THR22. These findings have implications for how we plansupportive interventions for people in the year following THR,
suggesting more emphasis needs to be placed on addressing social
factors, such as fostering social support and engagement in the
community. Since people often report giving up activities prior to
surgery, it may also be important to consider what can be done pre-
operatively to ensure people have not already given up many op-
portunities for social engagement prior to surgery (e.g., offering
surgery before people give up activities).
People also reported changed work situation as a common posi-
tive life event. Studies suggest that most people return to employ-
ment following THR35e37. While the specific changes in work
reported as positive life events are unclear, the item includes
Table III
Post-surgery incidence of life event that had a positive and negative impact on life by frequency in activity
Life events* Positive impact Negative impact
LLDI frequency
Decreased
(n ¼ 72, 19%)
No change
(n ¼ 8, 2%)
Increased
(n ¼ 296, 79%)
Decreased
(n ¼ 72, 19%)
No change
(n ¼ 8, 2%)
Increased
(n ¼ 296, 79%)
n % n % n % n % n % n %
Marriage 3 1%
Marital separationy 2 1% 1 1% 2 1%
Marital reconciliation 5 2% 2 1%
Change of residence 6 8% 10 3% 2 3% 4 1%
Changed work situationz 12 17% 32 11% 6 8% 32 11%
Retirement from work 5 7% 11 4% 9 3%
Major personal illness/injury 2 3% 10 3% 12 17% 2 25% 33 11%
Serious illness of close
family member
4 1% 16 22% 2 25% 72 24%
Serious illness/injury of
close friend
2 3% 8 3% 10 14% 47 16%
Deathx 2 3% 16 5% 21 29% 1 13% 85 29%
Major change in financial statusk 5 7% 22 7% 16 22% 3 38% 51 17%
Major change in social activities¶ 6 8% 1 13% 46 16% 22 31% 48 16%
* Total number of events experienced in a year.
y Due to conflict.
z Example: different work responsibility, major change in working conditions/hours.
x Spouse, close family member or friend.
k Lot better off or lot worse off.
¶ Example: parties, movies, visiting e increased or decreased participation.
Table IV
Factors associated with change in frequency in engagement in life activities following THR
Variable Unadjusted analysis Adjusted analysis
Parameter estimate 95% Confidence intervals Pr > jtj Parameter estimate 95% Confidence intervals Pr > jtj
At least one new comorbidity post-surgery 0.14 (1.62, 1.90) 0.87 0.33 (1.51, 2.17) 0.73
Number of positive life events 1.27 (0.53, 2.00) 0.00 1.24 (0.49, 1.99) 0.00
Number of negative life events 0.15 (0.55, 0.25) 0.47 0.22 (0.65, 0.22) 0.33
Another hip or knee replaced 1.13 (4.02, 1.77) 0.44 2.06 (4.95, 0.82) 0.16
Complications within 3 months of surgery 1.22 (4.14, 1.69) 0.41 1.52 (4.46, 1.42) 0.31
WOMAC pain pre-surgery 0.05 (0.33, 0.44) 0.80
WOMAC function pre-surgery 0.13 (0.00, 0.26) 0.05
LLDI limitations pre-surgery ¡0.09 (¡0.19, ¡0.00) 0.04
HADS depression pre-surgery 0.30 (0.60, 0.01) 0.06
Age 0.03 (0.11, 0.04) 0.40
Sex: Male 0.56 (2.30, 1.12) 0.53
Education: more than high school 0.09 (1.96, 2.13) 0.93
BMI pre-surgery 0.03 (0.16, 0.11) 0.68
Number of comorbidities pre-surgery 0.01 (0.73, 0.76) 0.97
Number of symptomatic joints pre-surgery 0.29 (0.59, 0.01) 0.06
Statistically significant results are in bold print.
The significance threshold was set at P < 0.05.
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tions/hours. Further research is warranted to investigate how
working conditions/responsibility may influence engagement in life
activities following THR. Another commonly reported positive life
eventwasmajor change infinancial status.Other studieshave shown
that high income and higher socioeconomic status were associated
with better outcomes following total joint replacement38,39.
Participants in this study reported a rather high number of both
positive and negative life events in the year following THR. The
same event was perceived as negative by some and positive by
others, reflecting the complexity of how events are experienced
within one's overall life context. It is unclear if the number of life
events in our study is higher than one would expect in this age
group. The number of life events found in our study is higher than
those reported in a study using the Australian Longitudinal Study of
Women's Health40. In their research, 28% of women aged 51e56
years reported illness and 24.2% reported death of a close familymember in a 3 year follow-up. No data were available for women
aged 52e72 years but women aged 73e78 years or more reported
experiencing death (24.6%) or major decline in the health of a
family member (17.9%) or major personal illness/injury (13.7%) over
a 3 year period. The reasons for differences are unclear but it is
possible that in our study people had better recall of life events due
to a shorter follow-up period. In a cohort of 2411 individuals (mean
age 75 years) with disabling knee or hip OA in Canada, 72% of
people reported at least one negative major life event in the past
year while 14% reported at least one positive major life event41.
While the measures were different, this suggests fewer of our
participants reported negative life events and more reported pos-
itive life events.
One of our covariates, pre-surgery LLDI limitations, was associ-
ated with change in frequency of engagement in life activities
following THR. People with more limitations experienced greater
improvement in LLDI frequency 1 year after surgery. This is
Table AI






























* Total number of events experienced in a year.
y Example: dislocation, infection, blood clot, etc.
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associated with postoperative clinical outcomes, with those expe-
riencing worse preoperative function having greater improvements
postoperatively39,42e44.
Health-related factors were not significant predictors of change
in engagement in life activities. This is in contrast to some of our
qualitative findings that suggested that multimorbidity and com-
plications following surgery made people less likely to take part in
activities22. In the existing quantitative literature, several studies
have examined the influence of comorbidity on joint replacement
outcomes. However, in a recent systematic review examining fac-
tors which influence functional and clinical outcomes after THR,
researchers found that results related to the influence of comor-
bidity were conflicting. Comorbidity was associated with worse
outcomes in seven studies and six studies did not find any associ-
ation between various comorbidities and outcomes, such as pain
and function, after THR39.
Strengths and limitations
This research was guided by our prior qualitative findings
including the selection of variables of interest. We considered a
wide range of variables which may influence engagement in life
activities including what is happening in people's lives in the year
following surgery. We were also guided by our prior qualitative
findings in selecting the primary outcome (change in LLDI fre-
quency). LLDI frequency was selected rather than LLDI limitations
as participants suggested that they had already begun to give up
and change their level of engagement in life activities prior to
surgery22.
There are limitations to the study. First, all data were self-
reported and verification of new comorbidity or life events was
not possible. Also, participants were recruited from academic ter-
tiary care centres and the generalizability of findings to populations
in community-based centres may be limited. However, it has been
reported that THR outcomes are similar between academic and
community centres45. Moreover, there were a relatively high
number of people who were excluded from the study as they did
not have the requisite data for our primary outcome (82 people of
possible 458). This may be due to the questionnaire being at end of
a package of questionnaires which took 30e45 min to complete.
Comparisons of the characteristics of people who were included
and excluded suggest they were similar. Finally, it is possible that
participants had differential recall of life events depending on their
frequency of engagement following THR. However, the immediacy
of reporting life events (3, 6 and 12 month) should have reduced
the potential for bias.
Conclusion
This study evaluated the influence of a range of factors on
changes in the frequency of engaging in life activities following
THR. We found that the number of positive life events within the
year following surgery was associated with the amount of change
in frequency with which individuals engaged in life activities 1 year
after surgery. Health-related factors, such as comorbidity, compli-
cations after surgery and a new surgery, were not associated with
change in frequency of engaging in life activities. These findings
underscore the importance of including socio-cultural factors,
which are often neglected, in future research of health outcomes
following joint replacement. Findings also have implications for
care delivery. To improve engagement in life activities after surgery,
we need to embrace a more holistic approach which supports the
person within the context of their life circumstances and facilitates
community and social engagement.Author contributions
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